The kinetics of enzymatic O-methylation of catecholamines were studied under conditions like those used in the radioenzymatic assay of plasma catecholamines. Inappropriate Michaelis-Menten kinetics and linear approximations of exponential equations were not used. Mathematical analysis indicated the importance of the ratio of methyl donor (Sadenosylmethionine) to substrate (catecholamine) concentration. If the reaction is incomplete, only a large ratio will allow linear approximations between product formed and initial catecholamine concentration. The use of high-concentration internal standards to correct for plasma interference may give erroneous results by reducing this ratio. Accuracy will be improved by ensuring (a) that S-adenosylmethionine is always greatly in excess of catecholamine, (b) that concentrations of added standards are of the same order as for endogenous catecholamine, and (C) that a high activity of enzyme is used, to allow the reaction to reach completion even in the presence of some inhibition. (5) (6) (7) . This, as well as the difficulty of enzyme purification, might deter others from increasing the rate of enzymatic 0-methylation by adding more enzyme to the incubation mixture.
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In one sensitive radioenzymatic assay for epinephrine, We have made no assumptions about the mechanism of the reaction but have re-examined the relationship between the substrate, enzyme, and cofactor (S-adenosylmethionine) concentrations and their effect on reaction rates.
Because the curve relating product formation to time followed an exponential form, we used numerical analysis (3, 4) to measure the initial reaction velocities.
In many cases simple linear approximations were patently inadequate and misleading, as shown by our experimental data (Table 1) .
Inappropriate mathematical analysis or definitions have led to the passive acceptance of "maximal enzyme activity" (5) (6) (7) . This, as well as the difficulty of enzyme purification, might deter others from increasing the rate of enzymatic 0-methylation by adding more enzyme to the incubation mixture.
We therefore describe a simple modification to the enzyme preparation method to reduce contamination by potential enzyme substrates. We used the total catecholamine assay method of Peuler and Johnson (5) with some minor modifications. Reaction rates were determined in Ti-is buffer (400 mmol/L, pH 8. Exponential approximation from the first four points gave the following:
Materials and Methods

S-
reaction rate 19511 cpm/min, P(t) = 184 937 (1 -e#{176}'#{176}"") cpm.
The amount of tritiated metanephrine formed by the methylation of 20 pmol of epinephrine with 5 pCi of S-adenosylmethionine (15 kCi/mol) and catechol-O-methyltransferase was measured at the above time intervals. The progress curve can be best described by an exponential function [see equation for P(t)l, derived from the initial data points. Because this function could predict the complete course of enzymatic O-methylation, no significant decrease in Sadenosylmethionine and enzyme concentration could have occurred during the reaction. These data are not suited to analysis by using a more popular linear approximation (the method of least mean squares), which underestimates the reaction rate, despite high coefficients of correlation (r).
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Duration of reaction (mm) ionine, epinephrine, and catechol-0-methyltransferase were varied as indicated in the Figures and Table. After incubation at 37 #{176}C, the progress of the reaction was determined by stopping the reaction in aliquots taken at brief, regular intervals by the addition of 50 L of pH 10 borate buffer: per liter, 800 mmol of boric acid, 80 mmol of disodium EDTA, and 4 mmol each of metanephrine, normetanephrine, and 3-methoxytyramine in 1 moIlL sodium hydroxide.
The labeled reaction product, metanephrine, was solventextracted, oven-dried, and oxidized to varnllin, after which its radioactivity was counted in a 13-scintillation counter as detailed previously (10).
Calculation
of the initial reaction rates. When substantial product (more than 25% of the maximum) had formed, we used exponential functions (4) to approximate the progress of the reaction. Otherwise, we chose the best approximation obtained by using first-or second-degree polynomials [Chebyshev polynomials
We determined the initial reaction rates by evaluating the first derivative of the approximating function at zero time (t = 0).
Use of the method of least squares, when substantial product had formed, tended to underestimate the initial reaction rate (see Table 1 ).
The progress curve for enzymatic 0-methylation of epinephrine reached a plateau (Table 1) , best described by an exponential equation. The plateau was not due to depletion or degradation of enzyme (catechol-0-methyltransferase) or cofactor (S-adenosylmethiomne) (Figure 1 ), because additional substrate restored the rate of product formation (Figure 2) .
The initial reaction rates for the enzymatic 0-methylation of epinephrine were directly proportional to the concentration of substrate, cofactor, and enzyme protein (Figure 3) . where X = kS
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Discussion
Enzymologists use reaction rates to characterize and measure enzyme activity, usually in the presence of excess substrate. We, and others using radioenzymatic assays, are more concerned with optimizing the conditions for the measurement of low concentrations of substrate. The enzyme then becomes the instrument and not the object of the study.
In
Although of the same order of magnitude, substrate concentration was higher than that usually found in these assays, so we could get reproducible yields of labeled product after short incubation periods.
Because the measurement of true initial reaction velocities demands very short and impractical incubation periods (seconds, not minutes), and because we have shown that linear approximations after longer intervals underestimate these velocities (Table 1) , we have used numerical analysis to calculate initial reaction velocities.
The experimental data and their mathematical analysis lead to the following conclusions:
#{149} The curve relating product formed to time expired reached a limit and could best be described by an exponential equation. Simple linear regression equations can underestimate the reaction rates.
#{149} The reaction rate was proportional to the concentration of each of the three reactants tested, i.e., catecholamine, Sadenosylmethionine, and enzyme. Depending on the relative proportion of S-adenosylmethiomne to catecholamine, three different equations were derived.
#{149} There is no simple mathematical relationship by which any one of the three equations is related directly to the other two. If the reaction is allowed to go to completion, however, the amount of product formed will be proportional to initial substrate (catecholamine) concentration in all three cases. #{149} if the reaction does not approach completion, the relationship between initial concentration of catecholamine and product formed is only approximately linear in the presence of a high S-adenosylmethionine to catecholamine ratio (equation 2). As this ratio approaches unity, equation 3 applies, and the linear relationship between product and substrate concentration no longer applies.
Practical implications
In most radioen.zymatic assays the amount of labeled product is measured with and without the addition of an internal standard to correct for "plasma interference." The relationship between the two values is assumed to be linear and is used to calculate endogenous concentrations of plasma catecholamines.
Plasma interference may prevent the reaction from reaching completion. Under these conditions, the linear relationship would not hold if the ratio of S-adenosylmethionine to catecholamine in the standard-supplemented plasma was significantly less than that in unaltered plasma.
Others have stressed the importance of the S-adenosylmethionine concentration only relative to the enzyme con- sults. Their use of a mean net standard value derived from many patients' plasma may circumvent this problem, but does not correct for interference from other plasma constituents.
Possible Solutions
To counter interference from plasma in the radioenzyma- Use of a high activity of enzyme may allow the reaction to reach completion, even in the presence of some inhibition. We increase the effective enzyme activity by preliminary incubation of liver slices with cold S-adenosylmethionine.
This decreases enzyme contaminants and allows a later 10-fold concentration of enzyme without significantly increasing blank counts. This modification is based on the observation that liver slices can convert phenols (potential contaminants)
as well as catechols to methoxycatechols in the presence of S-adenosylmethionine
(13).
In brief, this kinetic study not only highlights a possible source of error in calculating the concentrations of plasma catecholamines but also points to methods of correcting the error.
